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Outline

● The ITk Layout Task Force is approaching
the point where a decision has to be taken
between Pixel detector layout options

● How to best extend coverage up to |η| = 4 ?

● Status of Pixel simulation + digitization

● Details of layouts under study

● Pixel modules simulation, digitization model

● Status of passive material simulation

● Much more realistic description than in LoI simulation, still a work in progress

● Status of track reconstruction

● Single-pass tracking, improved ambiguity solver (CTIDE), photon conversions recovery

● Latest results from Upgrade Tracking

● Discussion of future goals for the Layout Task Force

● Layouts to simulate next

Quick guide to the Layout Task Force
Step 1.0: First simulation in new design
Step 1.2: Major bugs fixed
Step 1.5: Updates in strips (we are here)
Step 1.6: Updates in material, reconstruction
Step 2.0: Updates in pixels
Step 3.0: Post-decision
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Step 1.5 layouts, for Strips TDR and ECFA

● New figures with updated Strips layout will replace the ones previously available

Extended layout Inclined layout

Parameters for each Layout TF Step are detailed in this document (TBU)
https://svnweb.cern.ch/trac/atlasgroups/browser/Detectors/Upgrade/ITk/DetectorDescription/trunk/DetectorDescription.pdf

https://svnweb.cern.ch/trac/atlasgroups/browser/Detectors/Upgrade/ITk/DetectorDescription/trunk/DetectorDescription.pdf
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Pixel layouts in Step 1.5

● Two layouts under evaluation, differing only in pixel barrel concept

● Both are almost hermetic for |η| < 4, |z
0
| < 15 cm

● Extended pixel barrel: conventional staves, long innermost two layers

● Inclined pixel barrel: forward modules tilted at 56° wrt beamline in all layers

● Same endcap system based on modules placed in 4 ring layers, for both layouts

– One ring layer is inside the Inner Support Tube to allow forward tracking,
to be replaced along with the two innermost barrel layers after 5 years of HL-LHC

Extended layout Inclined layout
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Pixel layouts in Step 1.5

● Layout specifications for Step 1

● Step 1.5 pixels are the same

● Barrel shown here

Inclined:

Flat section

Inclined section

Extended

(stave tilt for flat section in both layouts = -14 degrees)



 6

Pixel layouts in Step 1.5

● Endcap shown here (identical for all layouts → will be re-optimized for Step 2)
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Pixel modules in Step 1.5

● Digitization model the same as for FEI4, except with different parameters

● Pixel size 50 x 50 µm2, sensor thickness 150 µm everywhere

● Reverse bias 150 V, temperature -10 C

● Chip thickness 150 µm, threshold 600e

● Time-walk simulation and compensation disabled

● Multi-chip modules are simulated by combining single-chip modules

● Instead of “long pixels” in gaps between chips, simulate extra channels for now (easier)
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<µ> = 200

Main future goals for ITk Pixel simulation

● Update pixel layout

● Innermost barrel layer radius

● Innermost endcap ring layer radius (inside IST), needed for tracking up to |η| = 4

● Number of modules in endcaps

● Ensure full hermeticity for |η| < 4, |z
0
| < 20 cm

– Some beam profile scenarios considered go beyond |z
0
| = 15 cm

● Pixel sensor studies

● 25x100 µm2 pitch

● Reduce planar sensor thickness to 
100 µm inside IST (radiation hardness)

● Need to start studying 3D modules 
in forward pixel barrel

● CMOS simulation almost ready for first 
integration in release 20.20
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Main future goals for ITk Pixel simulation

● Radiation damage

● Currently all ITk simulations are without any radiation damage

● New pixel digitization tool was developed with AllPix, being ported in Athena

– Working points proposal for 3000 fb-1

– Fluences 2e16, 1e16, 5e15, 1e15 n
eq

/cm2 ; bias 800 V (150 V un-irradiated)

Latest FLUKA results
(need to improve description in FLUKA model)
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Main future goals for ITk Pixel simulation

● More realistic ToT

● Update to PixelConditions proposed
to emulate 4-bit ToT

● Question: should we instead keep simulating 
8-bit ToT, and truncate at analysis-level?

● Robustness

● Identify possible failure modes

● Disable randomly staves / rings, 
modules, individual channels

● Improved cluster centroid positions

● Long clusters in extended layouts

– on module edge residuals need to be fixed

– off module edge: local θ measurement
in track fit requires Kalman filter

● Long term: analog clustering and/or neural networks

– will probably only develop for the chosen layout

current hard-coded constants
proposal for conditions DB
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Passive material in Step 1.5

● Description of passive material for both pixels and strips is much improved
compared with LoI, LoI-VF and Scoping Document implementations

● But not perfect!

● Baseline pixel barrel implementations based on total mass

● Extended layout: I-beams

● Inclined layout: SLIM Longeron (heaviest possibility)

– Alpine and SLIM Truss also available and maintained in simulation framework

● Endcap implementation in close collaboration with designers
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Passive material for Step 1.5

● Material broken down by source

● Total X0 is similar between layouts.  Also plan to run simulation with a factor 2 more

● Main caveats to fix in next iteration:

● Pixel chips have more than double the X0 they should have

● Local supports for inclined modules are integrated in stave mass

● Need to model flat sections vs. inclined sections of inclined barrel separately

● PP1 simulation with more details, currently homogeneous 20 kg block
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Pixel occupancy studies

● Cluster and hit occupancy in pixel barrel FE

● Min-bias samples, <µ> = 200

● In inclined forward barrel, hit occupancies are lower, cluster occupancies are higher

(double-chip module as denominator here, should be single-chip)

Filled circles: Extended
Open circles: Inclined
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Pixel occupancy studies

● Cluster and hit occupancy in pixel endcap FE

● Min-bias samples, <µ> = 200

● Here pixel size is generally small, so clusters and hits follow the same trends
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Reconstruction improvements

● Introducing single-pass tracking for ITk

● Previously tracking done once for |η| < 2.7, then for 2.4 < |η| < 4 with duplicate removal

● Cluster requirements ~ the number of expected clusters without phi overlap, minus two

● Now emulating the improved ambiguity solver from Run 2

● Extended layout: dedicated long pixel clustering and pattern recognition

● Option to merge clusters across gaps, and reduction in number of seeds (next slide)

● Shortcomings found with cluster centroid positions discussed earlier, work in progress
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Upgrade Tracking results

● Distribution of cluster length in Extended layout

● Length of clusters on track generally match expected length

– small population of short clusters on track is another confirmation
that improvements are needed
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Upgrade Tracking results

● Number of seeds is lower in Extended layout

● Only PPP and SSS seeds; max extrapolation distance 40 cm

– Current algorithms don't make optimal use of long clusters at seeding stage

● Does not immediately translate into lower CPU time (next slide)

(this plot without seed filter)
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Upgrade Tracking results

● Computing time is well within budget

● Reconstruction takes longer for Extended because clustering and pattern recognition
algorithms with long clusters are slow (there is much room for speed optimization)

● Tracking efficiency currently lower for Extended

● Long cluster centroid improvements expected to improve matching to track candidates

Run 2 at <µ> = 200:
20000 HS06 / event
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Upgrade Tracking results

● In general the single-muon resolution is comparable for |η| < 2

● Inclined seems to do better for 2 < |η| < 4;  to be verified in Step 1.6

d
0
, 1 GeV

d
0
, 100 GeV

z
0
, 1 GeV

z
0
, 100 GeV

p
T
, 1 GeV

p
T
, 100 GeV

Caveat:
see next slide
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Upgrade Tracking results

● Caveat: bug found in 1D projections in η bins used to calculate resolutions

● Affects central region for z
0
 and p

T
, shown here for Inclined

● Fixed for ECFA public result to be released this Wednesday

p
T
, old p

T
, fixed

z
0
, old z

0
, fixed
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Upgrade Tracking results

● Tracking in dense environments

● Efficiency to reconstruct all three charged pions in 3-prong decay of single τ 
without pileup as function of τ lepton pT

● Meets requirements for the Inclined layout

● Long clusters need to be understood better before we can make this plot for Extended
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Upgrade Tracking results

● First attempt at photon 
conversions recovery in ITk

● Simple strategy: run additional
pass of tracking with loosened
requirements (off by default)

● Good efficiency in both layouts

● Needs to be improved by 
considering only ROI from calo
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Future goals

local supports

● The ITk Layout Task Force plans for two more rounds of simulation 
before a decision can be made

● Step 1.6  [aiming for simulation launch this week]

● Updates to simulation

– Passive material even more realistic,
including local supports for inclined modules

– 100 µm pixel sensor thickness inside the IST

● Updates to reconstruction

– Bug fixes: hole search tool, distortions, brem recovery, vertexing

– Long clusters: Improved centroid, θ measurement in Kalman filter (not by default)

● Layouts considered, all covering |η| < 4  [will include strips fix in layer 2: 52 → 56 staves]

– Extended

– Extended with smaller innermost barrel radius at 33 mm

– Fully inclined

– Inclined inner pixel barrel

● Step 2.0
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Future goals

● The ITk Layout Task Force plans for two more rounds of simulation 
before a decision can be made

● Step 1.6

● Step 2.0  [timescale: 4 weeks to simulation launch]

● Updates to simulation

– Will simulate 25x100 µm2 pixels in each of the Step 2 layouts

– As many of the improvements discussed earlier as possible

● Updates to reconstruction

– Final opportunity to understand reconstruction before layout decision

● Layouts considered (all covering |η| < 4)

– Extended, with re-optimized pixel endcap (8 forward pixel hits incl. long cluster)

– Fully inclined, with re-optimized pixel endcap (9 forward pixel hits)

– Barrel completion layer?  ←  if available in new simulation framework

– “Conventional layout” with short barrel?  ←  idea yet to be presented at the LTF
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Conventional layout?

● Recent idea to propose a “conventional layout” with short barrel

● Both current Extended and Inclined layouts have a long barrel,
aiming to minimize the passive material before the first sensor for all |η| < 4

● Current consensus is that short barrel is a good low-risk “plan C”

● Performance would need to be studied in full simulation to be considered seriously

– undergraduate student working on it; would need help to get the passive material correct
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Conclusion

● ITk detector simulation has made great progress in the last year

● We have reached first successful fully-simulated samples beyond LoI layouts

● Realistic description of modules, and passive material with feedback from engineers

● Digitization model improved for both strips and pixels 

● Upgrade Tracking has also seen major improvements

● Single-pass track reconstruction for |η| < 4, improved ambiguity solver, and more

● Better understanding of figures of merit

● There is still a lot of work to do

● Need to get urgent improvements and remaining bug fixes in for the Strips TDR

● After the Strips TDR, pressure will start to rise towards the Pixel TDR

● Lots of activity ongoing and planned in the simulation + performance group

● There is always room for help!
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